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The partial pressure of oxygen in the blood of the
scalp and that of the umbilical artery of the
fetus is lowered during the first and second stage
xpJE labor, if there is a slowing of the heart rate in
conjunction with uterine contractions (CAL-
DEYRO-BARCIA et al. [2]; KÜNZEL [4]). In animal
experiments the reduction of uterine blood flow
was shown to be a cause of this deceleration
(JUNGE, KÜNZEL, KLÖCK [3]). Since the duration
of the reduced blood flow corresponds well to
the duration of the deceleration and hypoxia, it
might be assumed that the dip area is an in-
dication of the hypoxia and the resulting meta-
bolic acidosis. This is even more probable since
TIPTON and SHELLEY [6] have shown a definite
relationship between the dip area and clinical
Parameters.
We have attempted to find out whether there is a
quantitative relationship between the dip areas
measured before birth and the metabolic
changes in the blood of the fetus so that an
increase in the deficit in the fetal blood can be
estimated more precisely. The exäminations
showed a good relationship between such a dip
area and the increased base excess in the fetal
blood.
1. Material and measurements
The exäminations Were carried out on an un-
selected group of 26 women 26 minutes (SD = 22)
before the birth of the child. The value of the
base excess was measured, both in scalp blood
and in the blood of the umbilical artery, ac-
cording to the method of ASTRUP et al. [1] and
SIGGAARD-ANDERSEN [5]. The increase in base
deficit was calculated from the difference in
base-excess between scalp blood (BEs) and the
blood in the umbilical artery (BEuA). This
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Fig. 1. Comparison of two electrocardiograms with decelerations before birth. "A" shows a basal fetal heart rate of
170 per minute, with 6 decelerations in 10 minutes. In "B" the level of the fetal heart rate is 130 to 140 per minute
and the number of decelerations fewer. The resulting dip area (shaded) during the 10 minutes of observations was
14.3 cm2 in "A" and 7.5 cm2 in "B".
J. Perinat.Med. 2 (1974)
Kastendicck et al., Fetal hcart rate and basc-exccss 107
procedurc is pcrmissible bccausc therc is a
rcliable relationship between these two values
(BEs—BEuA), äs shown by TERAMO [7]). No
attcmpt was madc to correct thcse values ac-
cording to the actual oxygen Saturation. The dip
area was measured with the aid of a Polar-Plani-
meter (Orr Manufacturers) between the time of
the micro blood examination and the birth of the
child. The calculated dip area is shaded in Figs.
l A and IB.
The fetal E. C. G. was recorded directly with
electrodes and converted to a recording of the
fetal heart rate by a commercial Instrument.
2. Results
During the period of the examination the plani-
metric dip area mounted to 0.63 cm2 min"1
(SD = 0.4). At the beginning of the examination
the value of the base excess was —3.8 meq/1
(SD = 2.2) and dropped to —7.3 meq/1 (SD =
3.7) during the last phase of the second stage.
This drop corresponds to an average loss of
base of 2.0 meq/1 (SD = 2.3) in 10 minutes.
In Fig. 2 the increased base deficit, i. e. the
difference between the base-excess in fetal scalp
blood and that in the blood of the umbilical
artery, is shown by the area of the dip. The
relationship shows that, for instance, a dip area
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Fig. 2. The difference between the base excess in fetal
scalp blood (BE$) and in the blood of the umbiliqal artery
(BEuA) äs a function of the dip area. As the dip area
increases, the base deficit in the blood rises proportionately
of 40 cm2 results in a base deficit of approxi-
mately 12 meq/1, while with a smaller area of
10 cm2 a base loss of approximately 3 meq/1 is to
be expected. The period during which the dip
area has been measured has not been taken into
consideration, but should it be desired to include
it into the results of the examination, then the
following formula would result: ZlBE min"1 =
0.4 d. a. min-1 — 0.04 (2oc < 0.001).
Thus for instance, if äs in Fig. l A the dip area
measures 14 cm2 per 10 minutes, the the buffered
base is reduced by 5 meq/1 in these 10 minutes,
while if the dip area is äs is shown in Fig. l B,
then a base loss of 2.5 meq/1 is to be expected in
10 minutes.
3. Discussion
The dip area (d. a. cm2) is determined by the
amplitude and duration of the decelerations and
the number of such dips during a unit of time.
Fig. l A shows that with a high basal heart rate
and 6 decelerations (in conjunction with uterine
contractions) within 10 minutes the area would
measure 14cm2 while, with a lower basal heart
rate and fewer decelerations during the same
period, only an area of 7 cm2 was observed.
These observations make it clear that decele-
rations towards the end of the second stage,
regardless of their type, affect the buffered base
in the fetal blood. An increased base deficit
corresponds closely to the dip area. The value
of the base excess is proportionate to the dip area
(Fig. 2), and the regression curve runs through
zero.
Our results for the final phase of the second stage
are of special clinical significance because they
make it possible to estimate fetal acidosis prior
to birth. They enable us to judge the state of the
fetus by feeding the record of the fetal heart beat
into a Computer. At the moment, this only
applies to the final phase, and further work will
have to show what changes in the base excess are
caused by decelerations during the first stage of
labor, and especially their relationship to the
basal level of the heart rate. In this connection
there is also the interesting problem äs to whether
the passage of lactate from the mother to the
fetus can lead to fetal acidosis, and if so, how the
amount can possibly be measured.
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Summary
Experiments on animals and in the human have shown
that fetal cardiac decelerations in conjunction with uterine
contractions are an expression of hypoxia. In this paper an
attempt has been made to correlate the dip areas with
fetal loss of base. The value of base excess 26 minutes
(SD = 22) before birth was measured in 26 parturients in
the blood of both the fetal scalp and the umbilical artery.
The difference in base excess between these two meas-
urements was related to the planimetrically determined
dip area.
The increase in base deficit is closely related to the dip
area (BES —BEUA) = 0.3 d. a. — 0.16 (2 < 0.001).
There is a distinct connection between these two
Parameters. This means that with a dip area of 40 cm2 a
base loss of 12 meq/1 is to be expected, while there are no
changes in the buffered base of the fetal blood äs long äs
there are no decelerations.
These observations enable an estimate of the buffered base
loss in fetal blood at the end of the second stage of labor.
The possible role of a placental passage of lactate has not
been taken into consideration.
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Zusammenfassung
• 'Quantitative Beziehungen zwischen Herzfrequenz-
verlangsamungen und Veränderungen im Base-Excess
am Ende der Austreibungsperiode
Tierexperimentelle Untersuchungen und Messungen beim
Menschen zeigen, daß die wehenabhängigen Herzfrequenz-
verlangsamungen Ausdruck einer Hypoxie sind.
Mit den vorliegenden Untersuchungen wurde ge-
prüft, ob die Fläche der Dezelerationen zum Basen-
verlust des Feten korreliert.
Bei 26 Gebärenden wurde der Base-Excess-Wert 26 min
(SD = 22) vor Geburt und im Nabelarterienblut be-
stimmt. Die Differenz im Base-Excess zwischen diesen
beiden Messungen wurde zur planimetrierten Dezelerations-
fläche in Beziehung gesetzt.
Die Zunahme des Basen-Defizits ist zur Dezelerations-
fläche eng korreliert (BES — B£UA) ̂  0.3 DF — 0.16
(a < 0.001). Es besteht eine Proportionalität zwischen
beiden Parametern. Das bedeutet, daß bei einer Dezelera-
tionsfläche von 40 cm2 mit einem Basenverlust von etwa
12 mäq/1 zu rechnen ist, während bei fehlenden Dezele-
rationen keine Änderungen im Puffer-Basen-Bestand des
fetalen Blutes erfolgen.
Die vorliegenden Befunde erlauben nunmehr die Aus-
bildung des Puffer-Basen-Verlustes im fetalen Blut am
Ende der Austreibungsperiode abzuschätzen. Der materne
Laktatübertritt bleibt dabei unberücksichtigt.
Schlüsselwörter: Austreibungsperiode, Dezelerationsfläche, Fetus, Herzschlagfrequenz, Säure-Basen-Haushalt.
Resume
Relations quantitatives entre les ralentissements de la
frequence cardiaque et les variations de Pexces de
base en fin de periode d'expulsion
Les experimentations animales et les mesures effectuees sur
l'etre humain montrent que les ralentissements de la
frequence cardiaque düs aux contractions uterines sont
Pexpression d'une hypoxie.
Les analyses presentes önt ete faites dans le but de prouver
s'il existe une correlation entre la surface des -
rations et la perte de base chez le foetus.
On a determine chez 26 femmes enceintes la valeur d'
exces de base 26 min (SD = 22) avant la naissance et dans
le sang arteriel ombilical, puis compare la difforence d'
exces de base entre ces deux mesures avec la surface de
deceleration planimetree.
Mots-cles: Periode d'expulsion, surface de deceleration, foetus, froquence cardiaque, roserve acidobasique.
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L'accroissement de Pexces de base negatif est en rapport
etroit avec la surface de deceleration (BEs — BEuA) =
0.3. d. a. — 0.16 (2 < 0.001). II existe une proportion-
nalite entre les deux param&res. Ceci signifie que pour
une surface de deceleration de 40 cm2, il faut ascompter une
perte de base d'environ 12 meq/1, tandis qu'en cas d'
absence de decolerations, on n'observe aucune Variation de
la roserve de base tampon du sang foetal.
Les resultats presents permettent dosormais d'dvaluer la
formation de perte de base tampon dans le. sang foetal en
im de periode d'expulsion. II n'a pas 6te tenu compte ici du
transfert de lactate maternel.
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